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 ,QWURGXFWLRQ
,QWKHUHFHQWSDVWH[WHQVLYHUHVHDUFKZRUNKDVEHHQFDUULHGRXWRQSURFHVVLQJRI$O6L& 00&¶V ZKHUHLPSURYHG
SK\VLFDO PHFKDQLFDO DQG ZHDU SURSHUWLHV ZHUH REVHUYHG 7KH SULQFLSDO DGYDQWDJH RI 00&¶V RYHU PRQROLWKLF
PDWHULDOV OLHV LQ WKH LPSURYHG PHFKDQLFDO SURSHUWLHV RQ DXQLWZHLJKW EDVLV 0DQ\ UHVHDUFKHUVKDYH LQFRUSRUDWHG
$O2 7L& %& DQG 6L& DV FHUDPLF SDUWLFOHV LQ DOXPLQLXP DQG LWV DOOR\V PDWUL[ 7KHVH 00&¶V UHYHDOHG DQ
H[FHOOHQWFRPELQDWLRQRIKLJKVSHFLILFVWUHQJWKDQGVWLIIQHVVLPSURYHGZHDUVHL]XUHUHVLVWDQFHDQGKLJKHUHOHYDWHG
WHPSHUDWXUH VWUHQJWK SURSHUWLHV RYHU RWKHUPDWHULDOV 9DULRXVPHWKRGV KDYH EHHQ XVHG LQ IDEULFDWLQJ00&¶V E\
GLIIHUHQWUHVHDUFKHUV VXFK .XPDUHWDO  DQG0DKHQGUDHWDO  XVHG/LTXLGPHWDOOXUJ\ 6FXGLQRHWDO
 DQG&KXHWDO XVHG 3RZGHUPHWDOOXUJ\ 'XERXUJHWDO  DGRSWHG ODVHUFODGGLQJ %DKUDLQLHWDO
 DQG %OXFKHU HW DO  XVHG OLTXLG LQILOWUDWLRQ ,Q IDEULFDWLQJ 000&¶V +RZHYHU LW LV UHFRUGHG WKDW
IDEULFDWLRQRI00&¶VE\ OLTXLGPHWDOOXUJ\VWLU FDVWLQJPHWKRG LV FRQVLGHUHG DVRQHRI WKHPRVW FRPSHWLWLYH DQG
HFRQRPLFDOV\QWKHVL]LQJSURFHVV,QVWLUFDVWLQJZHWWLQJSOD\VDQLPSRUWDQWUROHLQSURGXFLQJTXDOLW\FRPSRVLWHV
.UHW] HW DO DQG 6R HW DO KDYH FRQGXFWHG VWXGLHV RQ ZHWWDELOLW\ DQG GHWHUPLQHG WKH ZHWWLQJ DQJOH
:KLFK SOD\V DQ LPSRUWDQW UROH LQ GHFLQJ WKH JRRG ERQGLQJ EHWZHHQ PDWUL[ DQG WKH UHLQIRUFHPHQW7KLV FDQ EH
LPSURYHG HLWKHU E\ DGGLQJZHWWLQJ DJHQWV RU E\PRGLI\LQJ WKH VXUIDFH RI WKH UHLQIRUFHPHQWV .UHW] HW DO 
VXJJHVWHG WKDW WKHVXUIDFHPRGLILFDWLRQLQFUHDVHVWKHMRLQLQJVWUHQJWKEHWZHHQFHUDPLFDQGPHWDOPDWUL[DQG WKLVLV
HVSHFLDOO\ QRWLFHDEOH IRUFRDUVH6L&SDUWLFOHV .0DQLJDQGDQHWDO  REVHUYHGWKHFOXVWHULQJRUDJJORPHUDWLRQ
RI WKH UHLQIRUFLQJ 6L& SDUWLFOHV DW FHUWDLQ LQWHUYDOV LQ$6L& 00&¶V SURGXFHG E\ SRZGHU PHWDOOXUJ\ ZLWK
LPSURYHPHQWVLQ XOWLPDWHWHQVLOHVWUHQJWK
0DQRM 6LQJOD HW DO  VXJJHVWHG WKDW ,Q $6L&00&¶V WKH 6L& FRQWHQW XS WR  VKRZHG LPSURYHG
PHFKDQLFDO SURSHUWLHV )XUWKHU LQFUHDVH LQ 6L& FRQWHQW VKRZHG GHFUHDVHG WUHQG 6LPLODU LPSURYHPHQWVZHUH DOVR
REVHUYHG LQ ZHDU EHKDYLRXU RI WKH FDVW FRPSRVLWHV :HDU LV RQH RI WKH ZD\V FRQFHUQHG ZKHUH PDWHULDOV DUH LQ
FRQWDFWLQ ZKLFK WKH\ ORVHWKHLUXVHIXOQHVV <RXVHIL HWDOREVHUYHGLQ ZHDUVWXG\ WKDW YROXPHORVVLQFUHDVHV
OLQHDUO\ ZLWK LQFUHDVLQJ VOLGLQJ GLVWDQFH EXW WKH FXPXODWLYH YROXPH ORVV RI FRPSRVLWHV LV ORZHU WKDQ WKDW LQ
DOXPLQLXPDQGGHFUHDVHVZLWKLQFUHDVLQJYROXPHIUDFWLRQRI6L&XSWR:HDUUDWHLQFUHDVHVZLWKLQFUHDVHLQWKH
VOLGLQJGLVWDQFHDQGWKHVSHHG 1XPEHUVRIVWXGLHVZHUHFRQGXFWHGE\GLIIHUHQWUHVHDUFKHUVWRRSWLPL]HWKHYROXPH
IUDFWLRQRIWKHUHLQIRUFHPHQW $NKODJKLHWDODQG6XUHVKDHWDO &RQFOXGHG WKDW 6L& UHLQIRUFHG
FRPSRVLWHH[KLELWHG EHWWHUZHDUUHVLVWDQFHWKDQWKHRWKHUFRPELQDWLRQVRI$ODQG6L& SDUWLFOHV :HDULQYROYHV
ORFDOL]HG SODVWLF GHIRUPDWLRQ DQG FRQVHTXHQW JHQHUDWLRQ RI UHVLGXDO VWUHVV FDXVHG E\ LQFRPSDWLEOH LQWHUQDO DQG
SHUPDQHQWVWUDLQ 1RYDNHWDO DQG6ULGKDU HWDOFRQFOXGHG WKDWWKLVVWUHVVLVWKHSUHGRPLQDQWIDFWRU






$DOOR\ZDVXVHGDVWKHEDVLFPDWHULDOIRUSUHSDULQJWKH$6L&00&¶V $ DOOR\LV DGPLUHGIRUFDVWLQJ
RSHUDWLRQV+LJK FRQWHQW RI VLOLFRQ LQ LW LPSURYHV LWV IOXLGLW\ DQG VWUHQJWK7KH FKHPLFDO FRPSRVLWLRQRI$ LV
JLYHQLQ7DEOH
7DEOH&KHPLFDO&RPSRVLWLRQRI$DOOR\
(OHPHQW &X 0J 0Q 6L )H =Q $O
:W       %DODQFH
&XFRDWHG6L&SDUWLFOHVZHUHXVHGDVUHLQIRUFHPHQWV $6L&FRPSRVLWHVZHUHSURGXFHGE\VWLUFDVWLQJSURFHVV
$ DOOR\ ZDVSUHKHDWHGDW & IRUDQKRXUDQGPHOWHG LQDJUDSKLWHFUXFLEOH LQD3/&FRQWUROOHGHOHFWULFDO
UHVLVWDQFHIXUQDFH &XFRDWHG6L&SDUWLFOHVZHUHSUHKHDWHGLQWZRVWDJHVEHIRUHLQFRUSRUDWLQJLQWR$PHOW7KHVH




DQG6L&SDUWLFOHVZHUH WKRURXJKO\PL[HG IRU aPLQXWHV DW DQ DYHUDJH VWLUULQJ VSHHG RI  USPDW D FRQWUROOHG
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WHPSHUDWXUH RI & 7KH SRXULQJ WHPSHUDWXUH ZDV FRQWUROOHG DW a & $ SUHKHDWHG SHUPDQHQW PRXOG ZLWK
GLDPHWHUV LQ WKHUDQJHRIPPDQGPPZDVXVHG WRREWDLQ WKHFDVWEDUV)LQDOO\ WKHVXSHUKHDWHGPHOWZDV
SRXUHGLQWRSUHKHDWHG a& SHUPDQHQWPRXOG([WHQVLYHFDUHZDVWDNHQWRDYRLGSRURVLW\7KHSRURVLW\OHYHOV
RIWKHDV±FDVWFRPSRVLWHVZHUHQHJOLJLEOHDVWKHFRPSRVLWHPHOWZDVGHJDVVHGDQGFDVWLQJZDVFDUULHGRXWLQDUJRQ
DWPRVSKHUH 0HWDOORJUDSKLF VDPSOHV ZHUH VHFWLRQHG IURP WKH FDVW EDUV XVLQJ DEUDVLYH FXWWLQJ PDFKLQH
0LFURVWUXFWXUHV RI WKH FDVW FRPSRVLWHV ZHUH H[DPLQHG LQ D PHWDOOXUJLFDO PLFURVFRSH XVLQJ 7ULQRFXODU LQYHUWHG
PHWDOOXUJLFDOPLFURVFRSH'0,YLFWRU\ DW GLIIHUHQWPDJQLILFDWLRQV 6FDQQLQJ (OHFWURQPLFURVFRSLF DQDO\VHVZHUH
FDUULHGRXWXVLQJ&$5/=(,66(92VFDQQLQJ(OHFWURQ0LFURVFRSH0HFKDQLFDOSURSHUWLHVZHUHHYDOXDWHGE\


















SRVLWLYH LQSXW WR VWUHQJWK RI WKH PDWHULDO $QG DOVR LQWHUIDFH EHWZHHQ WKH UHLQIRUFHPHQW DQG PDWUL[ SOD\V D
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
0LFURVWUXFWXUDOGHWDLOV
0LFURVWUXFWXUDOGHWDLOVRI$DOOR\DQG$6L&FRPSRVLWHVLQWKHDVFDVWFRQGLWLRQDUHVKRZQLQWKH )LJXUHD
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6L& DUHD IUDFWLRQ WKDQ WKDW IRU $6L& FRPSRVLWH DV VKRZQ LQ ILJXUH  E 7KLV SHUKDSV LQGLFDWHV WKDW
HQKDQFHPHQWRI6L&FRQWHQWWHQGVWRDPRUHXQLIRUPGLVWULEXWLRQRIUHLQIRUFHPHQWLQWKHPDWUL[





)LJ0LFURJUDSKVRIFDVW FRPSRVLWHVD $ 6L& E $ 6L&
6(0DQDO\VLV






DW  & EXW DOVR GXH WR FRDWLQJ RI 6L& ZLWK FRSSHU ZKLFK KDV LPSURYHG WKH ZHWWDELOLW\ VLJQLILFDQWO\ 6LPLODU
REVHUYDWLRQV ZHUH PDGH E\ 9DQDURWWL HW DO  )LJXUH  D	E VKRZV WKDW 6L& SDUWLFOHV DUH FRQVLVWHQWO\
GLVSHUVHG LQ WKHPDWUL[ WKHUHE\UHYHDOLQJXQLIRUPGLVWULEXWLRQRI WKH6L&SDUWLFOHV7KHGLVSHUVLRQ LQ WKH6L&DUHD
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)LJD 6(0PLFURJUDSKSDUWLFOH±PDWUL[LQWHUIDFHLQ $6L&00&¶VE $6L&
)LJ6(00LFURJUDSKVRIFDVWFRPSRVLWHVD $6L& E$6L&
)UDFWRJUDSK\
)LJXUHV VKRZWKH6(0IUDFWRJUDSK\LPDJHVRIWKHVDPSOHVRI$6L& 00&¶V VXEMHFWHG WRWHQVLOHWHVW
LQ8707KHSUHVHQFHRIKDUG6L&SDUWLFOHVLQ WKH $ PDWUL[ PLJKWKDYHLQLWLDWHGPLFURVFRSLFFUDFNVDWWKHLQLWLDO












IUDFWXUH,QWHUGHQGULWLFFDYLWLHVLQ)LJXUHV  DQG  PLJKWKDYHEHHQJHQHUDWHGGXULQJFDVWLQJ7KHIODNHOLNHUHJLRQV
)LJLVFKDUDFWHULVWLFRIEULWWOHPRGHRIIDLOXUHSRVVLEO\GXHWRIUDFWXUHRIWKHFRPSRVLWHFRQWDLQLQJ6L&SDUWLFOHV
)LJ)UDFWXUHVXUIDFHRIFRPSRVLWH$6L&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)LJ)UDFWXUHVXUIDFHRIFRPSRVLWH$6L&
 :HDU %HKDYLRXU
)LJXUHV  DIVKRZWKHZHDUWHVWUHVXOWVRIWKHDOOR\DQGWKH $6L& 00&¶V XQGHUYDULRXVQRUPDOORDGVDQGWKH
VOLGLQJGLVWDQFHZLWKDFRQVWDQWVSHHGRIPV)LJXUHV DFVKRZVWKHHIIHFWRIVOLGLQJGLVWDQFHDQG
PRQZHDU EHKDYLRXU ZLWKFRQVWDQWORDGDQG VSHHGPVRI$DQG $6L&00F¶V,WLVFOHDUIURP
WKH JUDSKV WKDW WKHZHLJKW ORVV LQFUHDVHV ZLWK LQFUHDVH LQ WKH VOLGLQJ GLVWDQFH DV WKH FRQWDFW SRLQW LQ WLPH LQ WKH
FRQWDFWVXUIDFHLVPRUH%XWLWLVREVHUYHGWKDWOHVVZHDULQFRPSRVLWHFRQWDLQLQJ6L&IRUDOOVOLGLQJGLVWDQFHV
7KLVFDQEHDWWULEXWHGWRKLJKKDUGQHVVDQGVWUHQJWKZLWKLQFUHDVLQJ YROXPHIUDFWLRQ7KLVDUJXPHQWLVLQOLQHZLWK
WKHREVHUYDWLRQV PDGH E\ $NKODJKL HWDODQG 6XUHVKD  6LPLODUREVHUYDWLRQVZHUHDOVRPDGHE\ 6LQJOD
HWDO  +HIXUWKHUPHQWLRQHGWKDWYROXPHORVVLQFUHDVHVOLQHDUO\ZLWKLQFUHDVLQJVOLGLQJGLVWDQFHDQGGHFUHDVHV
ZLWK LQFUHDVH LQYROXPH IUDFWLRQRI6L&XS WR %H\RQG  6L& ZHDU ORVVDJDLQ LQFUHDVHV VOLJKWO\DQG WKXV
UHYHUVHVWUHQGRIGHFUHDVLQJZHDUYROXPHORVVZLWKLQFUHDVHLQ6L&ZWGXHWRFOXVWHULQJRI6L&SDUWLFOHV 3UDPLOD
HWDO  UHFRUGHG WKLV ZHDUUHVLVWDQFHRIFRPSRVLWHVFRQWDLQLQJ6L&SDUWLFOHVZLOOUHGXFHWKHSURSHQVLW\IRU
PDWHULDOIORZDWWKHVXUIDFHDQGWKHIRUPDWLRQRILURQULFKOD\HUVRQWKHVXUIDFHVRIFRPSRVLWHVGXULQJVOLGLQJ
,W FDQ DOVR EH REVHUYHG WKDW ZHDU UDWH LQFUHDVHV ZLWK LQFUHDVLQJ QRUPDO ORDG DQG GHFUHDVHV ZLWK LQFUHDVLQJ 6L&
FRQWHQW IURP7KH RSWLPLVWLF HIIHFW RI UHLQIRUFLQJ KDUG6L& SDUWLFOHV LQ UHGXFLQJ WKHZHDU RIPDWHULDOV LV
DWWULEXWHGWRWKHIDFWVWKDWZLWKLQFUHDVHG6L&FRQWHQW DQGKDUGQHVVRIWKHFRPSRVLWH:HDURI$LVPRUHWKDQWKDW
RILWVFRPSRVLWHVIRUDOOWHVWHGORDGV7KLVLVGXHWRKLJKKDUGQHVVRIWKHFRPSRVLWHFRPSDUHGWREDVHDOOR\6LPLODU
REVHUYDWLRQVZHUHPDGHE\ 6LQJODHWDO  ,WLVDOVRREVHUYHGWKDWD YHU\OHVVZHDULQWKHHDUO\VWDJHIRU1






FKDQJH LQ $ DQG $6L& KDV GHFUHDVHG WKH ZHDU UDWH +HQFH WKH ZHDU UDWH FDQ EH FRUUHODWHG WR WKH
PLFURVWUXFWXUHRIWKHPDWHULDO



































$6L& FRPSRVLWH $ DOOR\ GLVSOD\V KLJKHU ZHDU WKDQ WKDW RI WKH FRPSRVLWH $6L& +HQFH$ LV
DFFRPSDQLHGE\ODUJHDPRXQWRISODVWLFGHIRUPDWLRQDVFRPSDUHGWRWKHFRPSRVLWH+LJKHUWKHSODVWLFGHIRUPDWLRQ
ODUJHUWKHUHVLGXDOVWUHVV([SHULPHQWDOO\REVHUYHGUHVLGXDOVWUHVVRI ±03DLQ$ZKLFKLVODUJHUWKDQWKDWIRU
WKH $6L& FRPSRVLWH LV LQ OLQH ZLWK WKLV DUJXPHQW $QG WKLV LV VXSSRUWHG E\ WHQVLOH SURSHUWLHV LQ 7DEOH 
LQGLFDWLQJKLJKHUWHQVLOHVWUHQJWKDQGORZHUHORQJDWLRQZLWKLQFUHDVLQJZWRI6L&&RPSUHVVLYHUHVLGXDOVWUHVVLV
LQGLFDWLYHRISRVLWLYHVWUDLQVLQWKHDOOR\DQGLQGLFDWHVVWUHWFKLQJRIVXUIDFHOD\HUVGXULQJZHDUWHVW
)LJ 9DULDWLRQRISRVW ZHDU UHVLGXDOVWUHVVZLWK:W6L&
&RQFOXVLRQV
 $6L& 00&¶V FRQWDLQLQJ&XFRDWHGSDUWLFOHV VKRZV LPSURYHG PHFKDQLFDOSURSHUWLHVGXH WR WKHKDUG
VLOLFRQFDUELGH UHLQIRUFHPHQW DQGVWURQJERQGLQJEHWZHHQSDUWLFOHVDQGPDWUL[
 ,QFUHDVLQJ VLOLFRQ FDUELGH FRQWHQW IXUWKHU LPSURYHPHQW DQG HQKDQFHPHQW LQ KDUGQHVV DQG VWUHQJWKZHUH
REVHUYHG(QKDQFHG ZHDUUHVLVWDQFH LV UHDOL]HGZLWK VLOLFRQFDUELGHUHLQIRUFHPHQW([WHQWRIZHDU LV ORZ
IRUKLJKHU YROXPHIUDFWLRQRI 6L& LQ00&¶V7KLVSKHQRPHQRQFDQEHDWWULEXWHGWRWKHHQKDQFHGVWUHQJWK
IROORZLQJKLJKHUSHUFHQWDJHRI UHLQIRUFHPHQW
 5HVLGXDO VWUHVV RI SRVW ZHDU VDPSOH WHVW LV FRPSUHVVLYH LQ QDWXUH $ GHFUHDVH RI UHVLGXDO VWUHVV ZLWK
LQFUHDVLQJVLOLFRQFDUELGHFRQWHQWFDQEHDWWULEXWHGWRUHGXFWLRQLQSODVWLFGHIRUPDWLRQVXEVHTXHQWWRZHDU
$FNQRZOHGJHPHQW
7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKHLU SURIRXQG WKDQNV WR WKH %RDUG RI 5HVHDUFK LQ )XVLRQ 6FLHQFH DQG
7HFKQRORJ\*DQGKLQDJDU*XMDUDWIRUUHVHDUFKJUDQWVXQGHUJUDQW1R1)30$7)
5HIHUHQFHV
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1RYDN 6.DOLQ0/XNDV3$QQHG*9OHXJHOV -9DQ'HU%LHVWG2 7KH (IIHFW           RI UHVLGXDO VWUHVVHV LQ IXQFWLRQDOO\JUDGHG
DOXPLQD±=7$FRPSRVLWHVRQWKHLUZHDUDQGIULFWLRQEHKDYLRU -RXUQDORIWKH(XURSHDQ&HUDPLF6RFLHW\ SS  
6ULGKDU % 5 5DPDFKDQGUD 6 DQG  &KDQGUDVHNKDU 8  5HVLGXDO VWUHVV LQ VXSHU DOOR\  XGLPHW  IRU GLIIHUHQW VXUIDFH FRQGLWLRQV
,QWHUQDWLRQDO-RXUQDORI(QJLQHHULQJ6FLHQFHDQG7HFKQRORJ\,-(67 SS 
5DQMLW%DXUL6XUDSSD0.3URFHVVLQJDQGSURSHUWLHVRI$O±/L±6L&S 6FLHQFHDQG7HFKQRORJ\RI$GYDQFHG0DWHULDOV SS 
0RKDQ 9DQDURWWL .RUL 6$ 6ULGKDU %5 6KULVKDLO %3DGDVDOJL 6\QWKHVLV DQG&KDUDFWHUL]DWLRQ RI $OXPLQLXP$OOR\ $ DQG 6LOLFRQ
&DUELGH0HWDO0DWUL[&RPSRVLWH´QG,QWHUQDWLRQDO&RQIHUHQFHRQ,QGXVWULDO7HFKQRORJ\DQG0DQDJHPHQW,3&6,7 SS 
0DQRM 6LQJOD /DNKYLU 6LQJK 9LNDV &KDZOD 6WXG\ RI ZHDU SURSHUWLHV RI $O6L& &RPSRVLWHV -RXUQDO RI 0LQHUDOV 	 0DWHULDOV
&KDUDFWHUL]DWLRQ	(QJLQHHULQJ SS 
3UDPLOD%DL%15DPDVHVK%6DQG6XUDSSD0.'U\VOLGLQJZHDURI$$O 6L&FRPSRVLWHV:HDU, SS
0RKDQ9DQDURWWL6KULVKDLO36ULGKDU%59HQNDWHVZDUOX.DQG.RUL6$6XUIDFHPRGLILFDWLRQRI6L&UHLQIRUFHPHQWVDQGLWVHIIHFWVRQ
0HFKDQLFDO3URSHUWLHVRIOXPLQLXPEDVHG00&¶V$SSOLHG0HFKDQLFVDQG0DWHULDOV9ROV SS 
